Cultured rat pituitary cells (GC) respond to thyroid and glucocorticoid hormones by increases in growth hormone production and growth hormone mRNA. When these cells are transferred from medium containing normal animal serum (with 1.8 ig of thyroxine per dl) to a medium containing serum from a thyroidectomized calf, "hypothyroid medium" (with no detectable thyroid hormone), growth hormone production decreases markedly. In cells maintained for 5 days in hypothyroid medium, triiodothyronine induces within 50 hr a 17-fold increase in growth hormone production whereas glucocorticoids, during the same time, produce a negligible (3-fold or less) stimulation. In combination, the two hormones promote a 45-fold stimulation. In all instances the changes in growth hormone production are paralleled by changes in the levels of growth hormone mRNA as measured by cell-free translation. The transfer to hypothyroid medium and the hormonal induction do not affect the relative activities of other mRNAs whose products are detectable on polyacrylamide gels. These studies indicate that thyroid hormone can be an activator of the expression of the growth hormone gene. The results also show that triiodothyronine controls the magnitude of the effect of glucocorticoids on growth hormone mRNA, and provide a model for "permissive" triiodothyronine action. The synergistic effect of these two classes of hormone suggests that they increase levels of growth hormone mRNA by different mechanisms. Thyroid and glucocorticoid hormones regulate numerous physiological and developmental processes (1-3). Receptors for thyroid hormones are found in chromatin, and those for glucocorticoids localize in chromatin after they bind the steroid (4, 5). A large body of evidence indicates that glucocorticoids regulate specific mRNAs (6-8), and more recent evidence suggests that this is also the case with thyroid hormones (8-10). Cultured rat pituitary tumor cells in which growth hormone production is regulated by several hormones (11) have been used by a number of investigators as a model system for studying thyroid and glucocorticoid hormone action (12, 13) . We previously demonstrated in a subline (GC) of these cells that the increases in growth hormone production stimulated by thyroid or glucocorticoid hormones were parelleled by similar increases in growth hormone mRNA measured by cell-free translation or complementary DNA-RNA hybridization (8). The experiments were performed using medium containing 10% serum obtained from a "thyroidectomized" calf, and the increases that were induced ranged generally between 2-and 6-fold. This medium, however, contained a still appreciable amount of residual thyroid hormones at concentrations lower than those required for a maximal stimulation. Although the experiments were adequate for demonstrating a response, it was conceivable that some of the "baseline" production of growth hormone in incubation mixtures that did not receive added 16) and <50 ng/dl for T4 (measured as above), the lower limits of sensitivity of the respective assays]. For hormonal stimulation, cells that had been maintained in hypothyroid conditions for 5 days were used at a density that did not exceed 100,000 cells per cm2. The medium was replaced by fresh hypothyroid medium containing 10 nM T3 (Sigma) and/or 1 AM dexamethasone (Sigma) or no hormone (control). Six hours before harvesting, the medium in each plate was replaced with fresh hypothyroid medium containing the hormones at the same concentrations. Growth hormone production was estimated by measuring (radioimmunoassay, ref. 17) the levels of growth hormone accumulated in the medium during the 6-hr period.
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Cytoplasmic RNA was extracted from the GC cells by the phenol/chloroform technique as described (8) . Growth hormone mRNA levels were measured as previously reported (8) by translation of the total cytoplasmic RNA preparations from control and hormone-treated cells in the wheat germ cell-free system, and quantification of the pregrowth hormone synthesized by immunoprecipitation. Sodium dodecyl sulfate (NaDodSO4)/polyacrylamide gel electrophoresis and identification of the bands corresponding to growth hormone and pregrowth hormone were done as described (8) .
Abbreviations: GC, subclone of rat pituitary cells in culture; T3, triiodothyronine; T4, thyroxine; NaDodSO4, sodium dodecyl sulfate. of growth hormone. Fig. 1 shows an analysis by NaDodSO4/ polyacrylamide gel electrophoresis of the cell proteins labeled by a 20-min pulse of [asSimethionine. The band corresponding to growth hormone, the most prominent of all the bands in the sample from cells grown in complete medium, has almost disappeared even after 8 days in hypothyroid medium (Fig. 1) . There is selectivity in the effect of the passage to hypothyroid medium, since the rates of synthesis of most, but not all, of the other proteins detected by the gel are not affected by the transfer. The decay in growth hormone released into the medium is paralleled by a similar decrease in the rate of cellular synthesis Induction of growth hormone production by T3 and dexamethasone in cells grown in thyroid-free medium Fig. 2 left shows the effect on growth hormone production of T3 and dexamethasone incubated alone or in combination for 50 hr with cells that had been maintained in hypothyroid medium for 5 days prior to the experiment. As indicated, the "control" cells produce very low levels of growth hormone, representing, at this time, about one-tenth of the amount normally secreted by cells grown in complete medium. When added alone, dexamethasone elicits a very small effect on growth hormone production (about 3-fold stimulation), while T3 has a marked effect (about 17-fold stimulation). When added in combination, the hormones are synergistic, resulting in a 45-fold induction. Hormonal effect on growth hormone mRNA The activity of growth hormone mRNA in the control and hormone-treated cells, as measured by the cell-free translational assay, is shown in Fig. 2 right. In the absence of either hormone, growth hormone mRNA activity is at the background level of detection. There is no detectable increase in response to dexamethasone. A small increase similar to that observed with growth hormone production could not have been detected because of the "background" in the immunoprecipitation procedure. By contrast, T3 produces a marked increase in growth hormone mRNA, and the effect of the two hormones in combination is synergistic. Thus, the changes in growth hormone mRNA activity elicited by the hormones generally parallel the changes observed in growth hormone production. Fig. 3 shows an analysis by NaDodSO4/polyacrylamide gel electrophoresis of the proteins synthesized in the cell-free system in response to the RNA preparations. The change in the band When cells that had been maintained in hypothyroid conditions were treated with T3, there was a major increase in both growth hormone production and growth hormone mRNA. These results confirm that the decrease in growth hormone production after transfer to hypothyroid medium was a direct result of the lack of thyroid hormone. Thus, in these cells, thyroid hormone appears to be an activator of the expression of the growth hormone gene.
When cells maintained for 5 days in hypothyroid medium were given the synthetic glucocorticoid dexamethasone, there was a trivial absolute increase in growth hormone production, although the basal synthesis may have been stimulated by as much as 8-fold. Under these conditions there was no detectable change in growth hormone mRNA. Due to the sensitivity of the assays, it is difficult to evaluate the significance of small changes after production reaches such low levels. Nevertheless, the response in absolute terms is markedly different from the readily detectable effect of T3 alone. By contrast, when T3 and dexamethasone were given together, there was a striking effect of the steroid on growth hormone production and mRNA. Thus, the thyroid hormone regulates the absolute response achievable by the steroid. These data may be explained by at least two mechanisms that cannot be differentiated clearly by the current studies. First, T3 may directly affect steps involved in the glucocorticoid response. Second, the amount of stimulation promoted by the glucocorticoid may be similar in the absence or presence of T3. In this case, the absolute magnitude of the induction would be a function of the level of expression in the absence of the steroid. In fact, in a number of glucocorticoid responsive systems, the inducible product is already expressed to a significant extent before addition of the steroid (19) . It is clear in these cases that factors other than the steroid are responsible for this basal expression. Little is known about such factors; however, in the GC cell system, thyroid hormone, through interactions with its receptor, an acidic chromatin protein (4), appears to be one such factor.
Since the hypothyroid medium was not absolutely devoid of glucocorticoids, we cannot exclude from the present studies the possibility that the thyroid hormone response also required glucocorticoids. However, from preliminary data with serum-substitute medium-totally devoid of glucocorticoid, this does not appear to be the case. In any event, the clear synergistic effects of thyroid and glucocorticoid hormones on growth hormone production and mRNA provide a model for permissive hormone action and indicate that there are differences in the ways that these two classes of hormones regulate the expression of the growth hormone gene.
